Background: Increased rates of exposure to Toxoplasma gondii have been found in individuals with schizophrenia as compared with control groups, but the correlates of Toxoplasma exposure in schizophrenia have not been defined. Methods: We measured IgG class antibodies to Toxoplasma gondii in 358 individuals with schizophrenia. We correlated Toxoplasma antibody status with clinical and demographic variables and examined the effect of Toxoplasma seropositivity on mortality in a follow-up period of up to 5 years. Results: Individuals with schizophrenia who had serological evidence of Toxoplasma infection were more likely to be female but did not differ in age, race, total symptom score, or other demographic or clinical characteristics. However, we found that serological evidence of Toxoplasma was associated with a significantly increased risk of dying of natural causes during the follow-up period (Cox proportional hazard ratio of 4.70; 95% confidence interval, 1.27-17.31, P = .020) adjusted for age, gender, and other clinical and demographic variables. Conclusions: Toxoplasma infection may confer an increased risk for mortality from natural causes in schizophrenia. An understanding of the pathogenesis of Toxoplasma infections in individuals with schizophrenia might lead to new approaches to the management of this disorder.
Introduction
Schizophrenia is a serious neuropsychiatric disorder of uncertain etiology with a lifetime prevalence of approximately 1% in the United States. While a number of genetic risk factors for schizophrenia have been found, most have relatively low odds ratios. 1, 2 In addition to genetic factors, environmental exposures have been identified as increasing risk for the disease. Toxoplasma gondii is a protozoan of the family apicomplexa, with a worldwide distribution and neurotropic effects. Previous studies indicate that increased levels of maternal antibodies to T. gondii are associated with increased rates of schizophrenia in the offspring. 3, 4 Other studies, summarized by Torrey 1 in this issue, indicate that the prevalence of antibodies to T. gondii is higher in individuals with schizophrenia than in control groups. However, clinical correlates of serological evidence of Toxoplasma in schizophrenia have not been the subject of systematic investigation.
Schizophrenia is associated with excess mortality from natural as well as unnatural causes. It is estimated that individuals with schizophrenia have approximately a 20% reduced life expectancy compared with the general population. 5 The causes of premature death in this population are not known with certainty. Cigarette smoking, obesity, hypertension, and substance abuse, all of which are more prevalent in individuals with schizophrenia, have been cited as possible contributing factors. 6 In one recent study, the risk of mortality remained increased among individuals with schizophrenia even after controlling for these potential risk factors for premature death. 7 Associations between specific infectious agents and premature death in schizophrenia have not been previously investigated.
The purpose of this study was to evaluate the clinical and demographic correlates of serologic evidence of infection with Toxoplasma in schizophrenia. We also examined the association between Toxoplasma status and subsequent mortality in the cohort in a follow-up period of up to 5 years.
Materials and Methods
The study population consisted of individuals who met the following criteria: (1) a diagnosis of schizophrenia, schizoaffective disorder, or schizophreniform disorder meeting criteria in the Diagnostic and Statistical Manual of Mental Disorders, fourth edition; (2) age between 13 and 65 years, inclusive; (3) the absence of current substance dependence and of any history of intravenous substance abuse; (4) the absence of mental retardation; (5) the absence of a clinically significant neurological disorder that would affect cognitive performance including epilepsy, a history of encephalitis or head trauma, or any other reported disorder of the central nervous system; and (6) recruitment during the period between February 1, 1999, and December 31, 2004. Participants were drawn from outpatient treatment sites in the Baltimore metropolitan area for a study of the association between antibodies to infectious agents and schizophrenia or a clinical trial of supplemental eicosapentaenoic acid for schizophrenia (n = 335) and from inpatient and outpatient settings for a study of recent onset psychosis (n = 25). The sample represents a subset of that reported in Torrey 1 this issue.
The studies were approved by the Institutional Review Board of the Sheppard Pratt Health System and the Joint Committee for Clinical Investigation of Johns Hopkins Medical Institutions following established guidelines. All participants provided written informed consent after the study procedures were explained.
A blood sample was obtained at the initial study visit. We employed solid-phase immunoassay techniques to measure IgG class antibodies to T. gondii in the sera of all participants. Details of the methods have been previously described. 8 For the purposes of the analysis, an individual was considered to be seropositive for T. gondii if his or her serum generated a signal greater than 80% of the mean signal generated by a positive standard provided in the test kit. Statistical analyses were performed by the use of STATA Version 8.0 (Stata Corp., College Station, TX).
All participants were individually administered a short battery of cognitive tests, the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS, form A), 9 by study personnel. The schizophrenia individuals were also interviewed and rated on a psychiatric symptom rating scale, the Positive and Negative Syndrome Scale (PANSS). 10 The schizophrenia individuals were also asked whether they currently smoked cigarettes and whether they had ever received a diagnosis of diabetes. Patients' current medications were extracted from the medical record.
We examined the correlates of serological evidence of Toxoplasma; chi-square tests were used for dichotomous variables, and one-way analysis of variance for continuous measures. We also examined the association between Toxoplasma status and mortality. Information about the date and cause of death was obtained from the National Death Index or the Social Security Death Index. In any case where the fact of death or cause of death was uncertain, we contacted the local treatment agency from which the patient had originally been enrolled in the study for further information. A duration of observation was calculated for each patient as the time between the original assessment and December 31, 2004, or the date of death. These data were used to determine the rate of mortality in the individuals who had serological evidence of Toxoplasma infection as compared with those who did not have serological evidence of Toxoplasma. The effect of Toxoplasma seropositivity on mortality was calculated using the method of Kaplan and Meier. The effect of other clinical and demographic variables on mortality was evaluated using Cox proportional hazards regressions. These variables included age at study entry, race, gender, level of education, duration of schizophrenia illness, cigarette smoking, and a diagnosis of diabetes at initial evaluation. Two individuals who died of unnatural causes during this period were censored from these analyses, leaving 358 individuals to be evaluated.
Demographic Characteristics of the Study Samples
The sample of 358 individuals with schizophrenia had a mean age of 40.5 years (SD = 11.0) at the time of assessment. A total of 266 individuals in the sample (74.3%) were Caucasian and 221 (61.7%) were male. The mean level of educational achievement in the sample was 12.5 years (SD = 2.5). The mean age of illness onset was 21.2 years (SD = 7.2), and the mean duration of illness at the time of assessment was 19.4 years (SD = 11.0). A total of 351 (98.1%) schizophrenia participants were receiving regular antipsychotic medication at the time of the initial study assessment. A total of 277 participants (77.4%) were receiving atypical antipsychotic medications: 120 (33.5%) were receiving olanzapine, and 89 (24.9%) were receiving clozapine. A total of 224 (62.6%) of the individuals were current cigarette smokers at the time of the assessment, and 43 (12.0%) had a history of diabetes. The mean RBANS cognitive total score was 67.6 (SD = 14.2), and the mean PANSS symptom total was 71.3 (SD = 13.7). The individuals were evaluated for a mean of 43.4 months (SD = 20.3).
Results
We found serological evidence of Toxoplasma infection in 58 (16.2%) of the 358 individuals with schizophrenia in our study population. The individuals who had serological evidence of Toxoplasma were more likely to be female (v 2 = 5.3, P = .021) compared with individuals without serological evidence of infection. The individuals who had serological evidence of Toxoplasma did not differ from those who did not in terms of age, race, or educational level. They also did not differ in terms of disease-related variables such as age of illness onset, duration of illness, PANSS total symptom score, RBANS total cognitive score, cigarette smoking, diabetes, or the receipt of an atypical antipsychotic agent or olanzapine or clozapine at the time of evaluation (all P > .05).
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We examined the rate and cause of mortality in the cohort; as depicted in table 1, 10 persons died of natural causes in the follow-up period. A total of 5 of the 10 individuals who died of natural causes during the study period had serological evidence of Toxoplasma infection. As depicted in table 2, the overall mortality rate was thus 8.6% for individuals with serological evidence of Toxoplasma infection compared with 1.7% for individuals without serological evidence of Toxoplasma infection (v 2 = 8.6, P < .003). Expressed in terms of time of observation, the mortality rate for individuals with schizophrenia who had serological evidence of Toxoplasma infection was 2.10 deaths/1000 person-months of observation compared with a rate of 0.38 deaths/1000 person-months of observations in individuals with schizophrenia who did not have serological evidence of Toxoplasma infection.
We further explored the independent contribution of Toxoplasma seropositivity on mortality, controlling for demographic and clinical parameters that might contribute to mortality in this population, utilizing Cox proportional hazard analyses. This analysis indicated that serological evidence of Toxoplasma infection was associated with a hazard ratio of dying of natural causes of 4.70 (95% confidence interval [CI], 1.27, 17.31, P = .020), independent of the following factors: race, gender, level of education, age at study entry, duration of illness, cigarette smoking, diagnosis of diabetes at time of initial evaluation. In the Cox regression model, educational level is also a significant predictor of mortality status: individuals with more education are less likely to have died of natural causes in the follow-up interval (hazard ratio = 0.57, 95% CI, 0.60, 0.99, P = .041). See Figure 1 . There was an increased number of females as compared with males in the Toxoplasma-seropositive group (21.9% vs 12.7%, P < .03). Toxoplasma seropositivity was not correlated with race, level of education, age at study entry, duration of illness, cigarette smoking, or diagnosis of diabetes at time of initial evaluation (P > .05).
Discussion
Previous studies summarized in the meta-analysis by Torrey 1 in this issue indicate that the prevalence of antibodies to T. gondii is higher in individuals with schizophrenia than in control groups and suggest that infection with Toxoplasma may confer a risk for schizophrenia. Our current study extends this finding by investigating the correlates of Toxoplasma seropositivity within a schizophrenia sample. Note: Hazard ratio of dying from natural causes related to Toxoplasma infection = 4.70 (95% confidence interval = 1.27 À 17.31, p = 0.020), independent of age, race, gender, level of education, smoking status at baseline, and diabetes diagnosis at baseline. We found that schizophrenia individuals who had serological evidence of infection differed from those who did not in that they were more likely to be female, but they did not differ in terms of psychiatric symptom severity, cognitive functioning, or whether or not they had received atypical antipsychotic agents. Most populationbased studies have not found differences in Toxoplasma by gender. 11 The reasons for the gender difference in our study are not known. It is of note that Lindova et al 12 found gender-related personality differences in Toxoplasmaseropositive individuals. Gender differences in Toxoplasma seropositivity in schizophrenia should be the focus of future studies. The absence of an age effect for Toxoplasma seropositivity in our sample is also curious and may represent a type 2 error that would be corrected with a larger sample size.
We found that individuals with schizophrenia who had serological evidence of Toxoplasma infection had an almost 5-fold increased rate of death from natural causes during the follow-up period compared with individuals with schizophrenia without serological evidence of infection. This difference was found when controlling for age, race, gender, and other demographic factors that might affect mortality. The reasons for the increased mortality associated with Toxoplasma infection are not known with certainty. To our knowledge, there have not been any studies linking Toxoplasma seropositivity to adult mortality in the general population. It is of note that Toxoplasma infection has been associated with an increased rate of automobile accidents in 2 different populations. 13, 14 There were not a sufficient number of accidents in our population to perform analyses. The relationship between Toxoplasma infection and accidental deaths should be the subject of future investigations.
We could not identify the timing of Toxoplasma infection in our population. The finding of Toxoplasma IgG antibodies in adults can be the result either of infection acquired around the time of birth or infection acquired later in life, so we did not know the sequence of Toxoplasma exposure and our participants' schizophrenia prodrome and psychosis onset. Increased mortality in Toxoplasma individuals may be related to organ system disease or immune suppression, which can occur with Toxoplasma infection, although we do not have evidence from our own sample to support this explanation. It is possible that there is an interaction between Toxoplasma exposure and cardiac risk factors that lead to mortality; however, only 1 of the 5 deaths among Toxoplasma-positive individuals in our sample was due to cardiac disease. It is possible that other deceased individuals also suffered from cardiac disease but that this did not appear as the stated cause of death in the NDI. The number of decedents in the sample is relatively small, so our findings should be confirmed in larger samples. It will also be important to determine the association between Toxoplasma status and other mortality risk factors. In addition, further studies should be performed in individuals in other populations in order to further define the relationship between Toxoplasma infection and mortality.
